The dynamic nexus between money supply, fiscal deficit, inflation, output and exchange rate management has recently generated much debate in economic literature in Nigeria. To contribute to this debate, this paper uses the co-integration and error correction framework of analysis and also conducts policy simulation experiments to investigate how monetary variables interact with aggregate supply, demand and prices in order to aid stabilisation policies. The results show that monetary variables and government finance are linked through government's net indebtedness to the banking system. The simulation results show that a 20 per cent monetary squeeze would reduce the inflation rate faster than if the reduction in money supply were 10 per cent. This reduction in money supply would also lead to a reduction in output, employment and government expenditure, which may hurt the domestic economy. The paper thus concludes that there is a trade-off between higher GDP growth and inflation in Nigeria.
Introduction
The poverty of knowledge on the part of policy-makers as far as the precise quantitative relation among variables in the monetary and fiscal sectors is concerned has often been offered as the major cause of distortions in key macroeconomic aggregates. In Nigeria, the interaction between the monetary sector and the fiscal sector is of great importance. This is because a substantial portion of the fiscal deficit is financed by the Central Bank of Nigeria's (CBN) credit to government. Tobin (1999: 4) maintains that monetary and fiscal policies are distinct only in financially developed countries, whose governments do not have to finance budget deficits through seigniorage. In such advanced economies, a government can sell obligations to pay money in the future, like the US Treasury bills, notes, and bonds. Nigeria, however, is different, because, over the years, the growth rate of the money supply (M2) has been closely linked to the monetisation of budget deficit, which makes the growth rate of M2, GDP and inflation very volatile. For instance, the growth rate of M2 was 8 per cent in 1971 in , increasing to 15.81 per cent in 1975 in . By 1980 Between 1980 and 1988 , the gross domestic product grew at a negative rate, while the inflation and unemployment rates rose to a very high level. Disequilibrium in the balance of payments exacerbated the external debt crisis.
The recession, which had been affecting the Nigerian economy since mid-1981, continued through 1983. GDP, which had fallen by 0.34 per cent in 1982, declined by a further 5.37 per cent in 1983, but recorded a moderate increase of 3.13 per cent in 1986. The broad money supply followed a similar pattern, as shown in Table 1 .1. From 1992 to 2002, the economy passed through another period of serious macroeconomic instability characterised by large deviations of macroeconomic aggregates from policy targets. For instance, the 2002 policy target was a GDP growth rate of 5 per cent, but was, in fact, 3.5 per cent. In the same year, the target for M2 was 15.3 per cent, but at the end of the year it was 26 per cent. The inflation rate follows a similar pattern, deviating from a policy target of 9.3 per cent to 12.9 per cent. Apart from a few exceptions, this has been the trend in other key macroeconomic aggregates. There were also increased pressures in the domestic and external sectors of the economy and marginal decline in the performance of the real sector. However, the economy performed substantially better in 2003. Available statistics from the National Bureau of Statistics (NBS) show that the GDP increased by 10.2 per cent, as compared with 3.5 per cent in 2002. Inflationary pressure persisted; inflation rose to 14 per cent in 2003 from 3.5 per cent in 2002 (CBN annual report and statements of account on various issues). The major source of macroeconomic instability has often been attributed to the increasing magnitude of the money supply, which exerts pressure on the exchange rate and domestic demand and hence on prices.
In addition, Figures 1.1 and 1.2 show that both the output growth rate and the inflation rate manifested considerable variation from year to year. In 2000, for instance, the GDP increased by 3.8 per cent as compared with 2.8 per cent in 1999. Inter alia, the monetisation of crude oil proceeds contributed to the observed GDP growth. Inflation, as measured by the composite consumer price index, fluctuated considerably during this period. The upward movement in prices is attributed to the excess liquidity in the banking system arising from, once again, the monetisation of enhanced crude oil export receipts.
This observed instability in key macroeconomic variables calls into question whether policymakers precisely understand the quantitative relationship between variables in the monetary and the real sectors, and how monetary stimulus affects various sub-sectors of the economy.
The major aim of this paper is to investigate, using a macroeconomic model, how monetary variables affect various sub-sectors of the Nigerian economy. The specific objectives are to investigate the response by key endogenous variables to policy shocks and to articulate policies to promote economic growth with monetary stability. The study will be significant in assisting policy-makers to gain useful insights into how monetary policy variables affect the various sub-sectors of the Nigerian economy. Such an understanding, in the researchers' opinion, will help the Central Bank of Nigeria to formulate and implement useful monetary policy from sets of economic choices and to better appreciate the inter-connections within the economy.
Following the introduction, the rest of the paper is organised into four sections. Section two presents the theoretical underpinnings of the study and reviews related literature. In section three, the researchers develop the methodological framework of the study. Empirical results and discussions are presented in section four. In section five the researchers make some useful recommendations and concluding comments.
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Theoretical framework and literature review
Theoretical framework
In formulating the theoretical basis of this work, the researchers follow an eclectic approach. In other words, they derive theoretical ideas from different theoretical paradigms, the main motivators being the supply and demand arguments of the monetarist, classical, Keynesian and neoclassical schools. Monetarism has several essential features. First, it is the reincarnation of classical macroeconomics, with its focus on the long-term properties of the economy, including the neutrality of money and the quantity theory of money. Neutrality holds if the equilibrium value of real variables, including the level of output, is independent of the level of the money supply in the long run. The quantity theory of money argues that prices move proportionately to link money growth. Together, these propositions identify what monetary policy can and cannot achieve, and they therefore delineate the responsibilities of central banks.
Second, monetarism focuses less on the structure of the economy and the short-run dynamics than on long-run conclusions, such as the relationship between money and output, and money and inflation. For this reason, monetarists tend to prefer reduced form equations to structural equations or structural econometric models and to focus more on longrun results rather than short-run dynamics. This focus reflects, in part, the researchers' scepticism about the use of monetary policy to understand or to adequately quantify the structural linkages and dynamics in the economy. For this reason, they incorporate aspects of Keynesian theorising, which focuses on short-run dynamics.
Third, monetarists are sceptical of the use of monetary policy for short-run stabilisation, despite the fact that they believe short-run variations in money growth do affect aggregate demand and hence output. As a result, they favour often-passive rules that focus on achieving a rate of money growth that is consistent with long-term price stability, with no adjustment to cushion short-run fluctuations in aggregate demand. This preference reflects again the uncertainty about the structure of the economy, about short-run dynamics, and the long and variable lags in the response of aggregate demand to changes in the money supply. Meyer (2001: 106-110) maintains that the monetarists' model contains three innovations, which seek to improve the IS-LM framework without entirely discarding it. First, the IS-LM model has two equations and three unknowns and therefore could be solved only by assuming that either the price level or the output level is fixed. The monetarists' model allows for both sticky prices in the short run and full price flexibility in the long run by introducing the Phillips curve. In effect, the curve pins down the degree to which prices are sticky in the short run, allowing scope for both short-run movements in actual output relative to potential, and for stabilisation policy, while providing a mechanism that ensures smooth transition to the classical equilibrium in the long run.
Second, the monetarists' new model replaces the LM equation with a policy rule. The LM curve expresses the equilibrium condition in the money market, the balance between the supply of and the demand for money. Implicitly, the money supply is treated as the instrument of monetary policy. The policy rule in the monetarists' new model specifies the way in which policy-makers adjust the interest rate to economic developments. This specification has the advantage of more accurately capturing the prevailing operation procedure at central banks around the world, given that, almost without exception, they implement monetary policy by setting a target for some key interest rate. This also reflects a more modern view of "policy" as a systematic adjustment of the policy instrument to ongoing economic development rather than simply being an exogenous process outside the model. Third, the model explicitly incorporates forward-looking elements into economic behaviour and accounts for the importance of expectation. In the eclectic form used in this paper, the model allows for both forwardlooking elements and lagged adjustment due, for example, to the adjustment costs.
The neoclassical theory focuses more on the supply of goods and services in an economy. It identifies capital accumulation or investment and labour employment as well as technological progress as the dominant factors promoting economic growth. The theory argues that, to achieve sustained economic growth and development, a country should tackle the problem from the supply perspective. This includes the provision of infrastructure such as power, safe drinking water, communication facilities and roads, as well as policies that will boost export growth (Jhingan, 1997; Ndebbio & Ekpo, 1991) .
Literature review
The history of macro-econometric modelling is of interest. It was initially developed to implement Keynes' General theory. Later, other alternative, paradigms, such as monetarist, New Keynesian and New Classical, have been incorporated into macro-econometric models (MEMs) (Bodkin, Klein & Marwah, 1986b: 439; Valadkhani, 2003) . Palanivel and Klein (1999: 277-230) constructed an MEM for India to show the dynamic nexus between fiscal deficit, money supply, inflation and output. Individual case studies for Nigeria include those by Ojo (1973) , Olofin and Poloamina (1984) , Uwujaren (1977) , Iyoha (2002) , Soludo (1998) and Ikhide (1998) . With the exception of Ikhide (1998) , the other Nigerian case studies were essentially planning models and their specification of the financial sector was rudimentary. Ikhide (1998: 6-12 ) simulated a well-specified financial sector of the Nigerian economy. However, his study made no attempt to integrate the financial sector with the other sectors of the Nigerian economy. The integration of the financial sector with real variables such as, inter alia, GDP, consumption or investment, lends itself to extensive policy analysis. Bogunjoko (1997: 144) used the co-integration paradigm to show that monetary policy largely defines the direction of the Nigerian economy. The study ignored the importance of simulation analysis in response to policy shocks. This paper is an extension of Ikhide's study (1998), in which he simulated only the financial sector of the Nigerian economy, ignoring sectors such as the real sector or the external sector. Ignoring these other sectors meant that policy analysis could not be undertaken, because the model of the financial sector alone does not allow flexibility in policy analysis. It would have to be combined with other sectors where policy analysis could be performed on major macroeconomic variables like GDP, investment, money supply or consumption. This study is intended to address this lacuna.
Methodological framework

The model
The macro-econometric model (MEM) proposed in this study is ideal, because it provides information on the dynamics of the adjustment process. This in turn is useful for short-term and medium-term forecasting and policy analysis. It is also structural in the sense that it allows the formal use of econometrics as the best tool for policy analysis at the macro level. It stresses the crucial role played by monetary variables in the behaviour of key macroeconomic aggregates like inflation, output and balance of payments. The analysis can therefore be considered a generalisation of the models developed in the context of the monetary approach to balance of payments. Even though monetary factors are assigned a dominant role, the study assumes that, within the Nigerian context, money supply is not necessarily under the close control of the Central Bank of Nigeria, the capital market is not well developed, and therefore the credit growth rate may be closely linked to the government's borrowing requirements and hence to its fiscal policy. In this model, monetary (cum fiscal) policy is the relevant means by which policy-makers seek to achieve their objectives, and it is the domestic component of the money stock that is the instrument of policy. The macroeconomic model used in this study is of medium size. This is because the number of equations exceeds 20 but is less than 100 (Iyoha, 1996: 168) . The model has 31 equations, of which 18 are of stochastic relationship and 13 are identities. The model discussed below is adapted from a well-known equation system, tractable and relevant; it benefits greatly from the works of Ojo (1973) , Ajayi (1978) , Khan and Knight (1981) , Soludo (1998) , Olofin and Poloamina (1984) and Ikhide (1998) .
The model is broadly classified into six blocks: monetary, fiscal, production, aggregate demand, the labour market and the external sector block. This classification is doubly important. It allows the researchers to capture the crucial role played by monetary variables in the behaviour of macroeconomic aggregates such as inflation, output and balance of payments, and by the transmission mechanism of monetary policy in terms of financial market quantities and prices.
In the monetary block, the researchers specify equations that show the demand and supply of money and an inflation equation. On the demand side, they disaggregate into the demand for currency outside banks, savings deposits and time deposits. Money supply is the sum of monetary base and fiscal deficit. They close the monetary block with an identity showing equilibrium in the money market.
Output in the production block is divided into oil and non-oil. The non-oil sector is disaggregated into agriculture and manufacturing. The output of the agriculture sector is aggregative and relates to credit to the agricultural sector, technology and labour employed in the sector. Manufacturing output is assumed to be represented by a Cobb-Douglas type, determined by credit to the manufacturing sector, price, exchange rate, technology and labour employed in the manufacturing sector. Oil output and price per barrel of crude are exogenously determined. In the fiscal block, the researchers specify two equations, the government revenue and expenditure equations, and the block is closed with an identity.
The aggregate demand block includes equations for consumption and investment demand. In the labour market block, demand for and supply of labour unemployment equations are specified and the block is closed with an identity showing equilibrium in the labour market.
In the external block, the researchers specify the exchange rate equation, and the import and export equations. The import equations are disaggregated into capital and consumer goods imports. Exports are also disaggregated into agricultural and manufacturing exports. The equations are presented in Appendix IV.
Methodological issues
One of the objectives of this study is to investigate the dynamics in the interaction of monetary variables with various sub-sectors of the Nigerian economy. To do this, the researchers explored the co-integration theory/ error correction mechanism. Given data instability in Nigeria occasioned by, inter alia, policy instability and political or economic disruptions, it becomes increasingly useful to test the time series property of the variables for meaningful economic results. It is clear that OLS regression estimates with non-stationary time series data often produce unacceptable results, even though the overall results may indicate a high degree of fit as measured by coefficient of multiple correlation, or adjusted coefficient (R 2 ), high auto correlated residuals and statistical significance as measured by DW and the usual t-statistics respectively (Gujarati, 2004: 822-824) . Moreover, many economic variables have a strong tendency to trend over time, so that the levels of these variables can be characterised as non-stationary, since they do not have a constant mean over time. Yet many analyses of unadjusted non-stationary series have been carried out on the assumption that such series are of no significance. Difficulties may arise in carrying out regression with clearly non-stationary series, leading to the so-called "spurious" regression (Granger & Newbold, 1974: 115) . Given two completely unrelated but integrated series, regression of one on the other will tend to produce an apparently significant relationship when, in fact, they are not related.
This study therefore adopts the co-integration/ error correction methodology to estimate eighteen stochastic equations listed in the appendix. This selection is based on the premise that if the variables were non-stationary, the desirable properties of consistency, efficiency, and absence of bias would be lost if the Ordinary Least Squares (OLS) technique was used to estimate the equations, which could lead to spurious results and inference, hence, inaccurate predictions. Co-integration and error correction are used to add richness, flexibility and versatility to the econometric modelling and to integrate short-run dynamics with long-run equilibrium. Hence accurate predictions can be more confidently made on the economic relationship between the variables.
The researchers also conducted a set of simulation experiments using the estimated version of the model. The major objective of the simulation exercise was to derive an appropriate set of policy to achieve specific improvement in key macroeconomic aggregates. There are basically two types of simulation: historical simulation and policy simulation. Historical simulation allows for the validation, evaluation of, and counter-factual analysis of the model. The importance of the historical stimulation is clear and straightforward. It enables the model builder to compare the simulated and the actual series in order to determine how well the macro-econometric model tracks the economy (Iyoha, 2002: 175) . If the simulated values for all or most endogenous variables are very close to the actual values, then one is forced to conclude that the econometric model suitably describes the structure of the Nigerian economy. The paper uses the root-mean-squared error (rmse), root-mean-squared per cent error (rmpe), Theil's inequality coefficient and the correlation coefficient between the actual and simulated values of key endogenous variables to evaluate the performance of the model. The dynamic simulation for this work is undertaken for the period 1970-2004.
The purpose of policy simulation is to enable the researcher to predict the response of key endogenous variables to changes in identified policy instruments like government expenditure and money supply. As Iyoha (2002) pointed out, predicting policy responses is more or less indispensable for effective macroeconomic management and policy analysis.
Empirical results and discussions
Testing for unit roots
To test for the level of integration used in the model, the researchers employed the wellknown augmented Dickey-Fuller and PhilipPeron tests. The purpose was to determine whether the variables followed a non-stationary trend, and were, in fact, of the order of one denoted by 1(1) or whether the series were stationary, that is of the order 1(0). If the series were not stationary, the use of classical methods of estimation like OLS could lead to unwitting acceptance of a meaningless result. Moreover, in cases where the series are non-stationary around their mean, the traditional practice is to obtain the first difference of the series. In most cases this leads to stationarity, allowing the researcher to apply conventional econometrics (Granger & Newbold, 1974) . The major disadvantage of first differencing is that it prevents the detection of a long-run relationship that may be present in the data. In other words, the vital long-run information is lost, which is one of the major questions being addressed. Table IV .1 presents the results of the unit root test based on the ADF and PP tests. The results obtained provide strong evidence that the majority of the time series variables were stationary at first difference, while others were stationary at levels. This means that the majority of the variables of interest were integrated of order 1, which is 1(1) at 95 per cent confidence interval level. The result indicated that the null hypothesis could not be rejected for some of the variables under scrutiny. Since some of the series were 1(1) and others were 1(0), based on the Philip Peron test, the use of classical estimation techniques like OLS and others, like t-tests and F-tests, could lead to mistaken or false acceptance of spurious relationship among the variables. Since some of the variables were non-stationary at levels and others were integrated of order one, it was possible to conclude that various sub-sets of the variables under consideration may be integrated. Further analysis would obviously be required to test this conjecture.
The next task was to investigate whether the series under consideration was co-integrated, so that a well-defined relationship existed between them in the long run. To do this, the researchers adopted the Engle-Granger Two Step procedure and the error correction paradigms. The EngleGranger Two Step procedure is simple and straightforward. It involves running regression using stationary time series achieved by using first difference of the variables and including the lagged residuals from the levels regression in the regression as an explanatory variable. The results of the Engle-Granger tests for the eighteen stochastic equations, which were not reported because of lack of space, indicate that the residuals followed a I(0) process using an ADF and a PP test and had the correct signs, showing that the residuals from the levels regression were well defined, indicating strong evidence of the existence of a linear relationship between dependent and explanatory variables included in the regressions (Gujarati, 2004) .
The presence of co-integration made it possible to estimate the error correction mechanism (ECM), which is a solution to the problem of spurious results associated with estimating equations involving time series variables, and to capture dynamic adjustment to the long run (Patterson, 1990: 335) . Adopting the general to specific framework, the researchers proceeded to estimate the over-parametised error correction model of the eighteen stochastic equations from where parsimonious (preferred) error correction models were obtained. The novelty of ECM is that it provides a framework to establish the links between the long-and short-run approaches to economic modelling, which allows the researcher to test for the significance of the variables both in levels and in difference forms. Thus, with ECM, no information associated with the variable first differencing is lost, because the modelling technique incorporates both the short-run dynamics and long-run information through the error correction term. The over-parametised error correction models of the eighteen equations are not presented owing to lack of space. The equations include the ECM term lagged one period, representing the past value of the error correction factor, whose coefficient should be negative and statistically significant to support the existence of co-integration.
The over-parametised model was further estimated using the general to specific approach and the summary of the parsimonious (preferred) model is presented in Tables IV.2 to IV.7. The parsimonious model is arrived at by eliminating the jointly insignificant variables. A careful examination of the parsimonious results shows that the error correction term is well specified, as it has the expected a priori sign (negative), and is statistically different from zero. The significance of the error term suggests that the variables are co-integrated. To confirm this inference, the researchers checked the ADF and PP tests from all the residuals of the regressions; the ADF and PP tests were all significant at the 1 per cent level, showing strongly that the variables are co-integrated.
The quantitative result based on the parsimonious model shows that the money-supply process in Nigeria is explained by fiscal deficit and one year lagged money supply. The inflation equation agrees with the maintained hypothesis that inflation in Nigeria is caused by excessive money supply, exchange rate depreciation and the opening up of the economy to foreign competition. In the demand for currency outside banks, savings deposits and time deposit equations, the results show that GDP, interest rates and inflation are the significant factors that influenced them. In the fiscal block, the banking system credit to government; level of productivity (proxied by real GDP); one year lagged government revenue and expenditure are all significant variables affecting government expenditure and revenue. In the demand block, monetary variables such as interest rates; disposable income and one year lagged GDI are the significant variables influencing consumption and investment behaviour of households and firms. Monetary variables also enter the aggregate supply block via credit to manufacturing and agricultural sectors as well as the cost of capital. These monetary variables were found to conform to a priori expectation and were statistically significant.
The increase in the banking system's credit to the production block, which results in increased productivity, enters the labour market through increased labour demand. This is because GDP, which is a proxy for the level of economic activity, conforms to a priori economic expectations and is statistically significant in the unemployment equation. This suggests that increases in economic activities translate into more employment. In the external sector, monetary variables enter through the exchange rate, money supply and interest rate channels. Thus, overall monetary variables interact with various sub-sectors of the Nigerian economy through money supply, the exchange rate and credit channels.
Further, to find out how well the model tracked the actual data series historical simulation was carried out. The results of the simulation exercise were evaluated by making use of the simulation error statistics (the result is reported in Tables IV.8 and IV.9 in the Appendix). The evaluation of the model shows that the predictive performance of the model was adequate. The need to evaluate a model through the use of correlation coefficient, Root-Mean Squared Error, Mean Error and Theil's inequality coefficient was demonstrated and reported in Table IV .9.
The simulation result reveals that more money supply means higher output and employment, as well as a higher price level. If the growth in money supply were maintained at 5 per cent, this would reduce inflation and manufacturing output by about 2.11 and 0.41 percentage points respectively. In the external sector, a 5 per cent growth rate in money supply would reduce raw materials imports and capital goods imports by 0.15 and 0.84 percentage points respectively. A growth rate of money supply of 5 per cent would boost domestic consumption by about 12.84 per cent. The simulation result also reveals that reducing money supply by 20 per cent would lead to a drop in inflation faster than if money supply were reduced by 10 per cent.
Policy recommendations and conclusion
The study has examined the mechanics by means of which monetary variables interact with fiscal and real variables, as well as external sector variables. The result shows that growth rate in money supply is fuelled by large fiscal deficits and that fiscal discipline should be practised by keeping to budgetary provisions. The result of the inflation equation based on the preferred or parsimonious model reveals that inflation in Nigeria is caused by both domestic and external factors. Domestic factors are brought about by excessive growth in money supply and, on the external front, greater opening up of the domestic economy to foreign competition. This means that there is an urgent need to boost domestic production. It follows that the current policy of an outright ban on the importation of certain commodities that could be produced locally should be sustained. In the production block it was clear that credit to that sector, the interest rate and technology were significant factors influencing the growth rate of output. This means that the current consolidation of banks should be sustained. To promote output, the government should encourage technological advancement, involving both invention (the discovery and development of new products or new production techniques) and innovation (the practical or commercial application of such discoveries and techniques in the production of goods).
The banking system plays a crucial role in the transmission of monetary policy via its credit to the agricultural sector, manufacturing sector and government. Therefore the current reform agenda in the banking system as well as the NEEDS (National Economic and Empowerment Strategy) requirement of fiscal discipline should be sustained, not only to sustain the growth in urgently-needed output but also to sustain higher growth with tolerable inflation.
There are other alternative policy scenarios that could be explored to shed more light on the effectiveness of monetary policy. To this end, the researchers suggest the use of the exchange rate and bank credit as an alternative policy simulation experiment in future studies of this nature.
Conclusion
The general conclusion suggested by the findings of this study is that a tight monetary policy designed to achieve a stable inflation and exchange rate is likely to have significant and undesirable effects on output and employment. The simulation result shows that a 10 per cent decrease in money supply leads to a reduction in the inflation rate by a 2.17 percentage point, while output and labour demand reduce by 0.41 and 0.35 percentage points respectively. This drop in output and labour demand as a result of the monetary squeeze may well impose a heavy burden in a developing country like Nigeria, because incomes are already near the subsistence level and the employment effect is likely to fall disproportionately on the nascent industrial sector. In conclusion, the study shows that there is a trade-off between higher GDP growth and inflation in Nigeria Appendix 1 Note: Balance of payments and overall fiscal balance is in (# million), the exchange rate is average rates, expressed in Naira per unit of the US Dollar.
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